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A C C E S S A G R E E M E N T

PROPERTY A D D R E S S :
S T .

Mail ing A d d r e s s (If D i f f e r e n t than Property Addre s s):

I w i l l a l l ow Environmental Protection Agency ( E P A ) s t a f f and EPA's authorized representatives to have
access to my property i d e n t i f i e d above for the purpose of c o l l e c t i n g soil samples . I understand that this
service is provided at no cost to me.

I understand that this soil t e s t ing is part of an inve s t igat ion of p o s s i b l e metal s contamination in so i l s in
the north Denver area. EPA is c onduc t ing thi s inve s t iga t ion as part of its r e s p o n s i b i l i t i e s under the
Comprehensive Environmental Response, Compensat ion and L i a b i l i t y A c t , a law also referred to as
"Super fund" .

Date

^ignature // Phone Number
Please check the f o l l o w i n g i f a p p l i c a b l e :
__ I would like EPA to provide me with a portion of the sample, ca l l ed a "spl i t sample," that I may have

analyzed at my own expense.
If you have any questions, p l ea s e contact Ted F e l l m a n at (303) 312-6119, or Marta V a l e n t i n e from the
Morrison Knudsen Corporation (EPA's contractor) at (303) 948-4693.
Your Comments:

P L E A S E S I G N A N D RETURN T H I S A C C E S S A G R E E M E N T T O O U R C O N T R A C T O R :
Morrison Knudsen Corp., A t t n : VBI70,10822 W. T O L L E R DR., LITTLETON, CO 80127.

Soi l sampl ing wil l take about 1 hour. The owner or resident need not be present. If you would l ike to be
n o t i f i e d when we plan to sample your property, please state so in the Comments section and provide your
phone number. A l s o , pet owners are asked to provide a phone number so that if necessary we may schedule
me sampl ing at a time when the pet wi l l be indoors or restrained. Thank you for p a r t i c i p a t i n g in this
important s tudy of your neighborhood.
N O T E : If you are not the current property owner, and you are not a renter who wishes to forward this request
to the owner, p l ea s e state so in the Comments section and return this agreement unsigned. ^ 7 ")~



Risks due to soil gas in tru s ion d e p e n d on l o c a t i o n (both wi th in a Lot and between L o t s ) because
of d i f f e r i n g l e v e l s o f c on taminant s in the u n d e r l y i n g s o i l , on the assumed t y p e of b u i l d i n g
cons tructed (basement or s lab-on-grade), and on the use of the b u i l d i n g (commercial or
r e s i d e n t i a l ) . All c a l c u l a t i o n s in t h i s memo f o c u s on a s lab-on-grade b u i l d i n g used for r e s i d en t ia l
p u r p o s e s , since t h i s is the scenario which y i e l d e d the highes t ri sks in the risk as se s sment.
Evaluat ions were p e r f o r m e d for L o t s 3, 4, 5, and 8, since these are the on ly l o c a t i o n s where
current risks are p r e d i c t e d to exceed a l eve l of concern. As in the risk asses sment, two d i f f e r e n t
scenarios were cons idered for the l o c a t i o n where the b u i l d i n g was p l a c e d within a L o t : either at
a l o c a t i o n where concentration values in soil were t y p i c a l (average) for the L o t , or at a l o c a t i o n
where the u n d e r l y i n g concentrat ions were maximum for the Lot.

Depth Profiles

Data are too sparse to d e f i n e soil d e p t h p r o f i l e s of V O C s with certainty, but most contaminants
do not a p p e a r to show a strong d e p e n d e n c y on d e p t h . T h e r e f o r e , it was assumed that the vertical
concentrat ion p a t t e r n of all V O C s in soi l i s u n i f o r m (i.e., the soil i s e q u a l l y contaminated f r o m
the sur fac e to the groundwater). Groundwat e r was assumed to occur at a d e p t h of 30 m (about
100 f e e t ) .

Chemicals of Concern

Based on the risk as s e s sment , o n l y f i v e C O P C s con tr i bu t e s i g n i f i c a n t l y to a p o t e n t i a l human
heal th risk in indoor air. T h e s e chemicals are:

• 1 , 2 , 4 - T r i m e t h y l benzene
• 1 , 3 , 5 - T r i m e t h y l b e n z e n e

c i s - 1 , 2 - D i c h l o r o e t h y l e n e
• H e x a n e
• N a p h t h a l e n e

T a b l e 2 summarizes the current concentra t i on s of these chemical s in soil at L o t s 3, 4, 5, and 8,
a long with the p r e d i c t e d concentrat ions of the V O C s in i n d o o r air and the a s s o c ia t ed non-cancer
hea l th risk to re s ident s .

Specification of Acceptable Soil Concentration Levels



T h e r e are several d i f f e r e n t a p p r o a c h e s for s p e c i f y i n g a c c e p t a b l e concentrat ions o f these V O C s in
s o i l at the site.

O p t i o n 1 : U n i f o r m S o i l C o n c e n t r a t i o n ( S i n g l e C h e m i c a l )

The most basic t y p e of PRG is the average concentra t ion of a chemical that would have to be
achieved throughout the entire soil column beneath a b u i l d i n g in order for that i n d i v i d u a l
chemical to y i e l d an HQ of 1E+00. C o n c e p t u a l l y , these values are c a l c u l a t e d by s o l v i n g the risk
equation to f i n d the indoor air 1 concentration which corre sponds to a target risk l eve l of 1E+00,
and then using the Johnson and E t t i n g e r model to f i n d the soil concentration which corresponds
to the target air concentrat ion. In p r a c t i c e , because both the risk model and the J o h n s o n and
E t t i n g e r m o d e l s are l inear, the soil PRG can be der ived f r o m the o r i g i n a l risk e s t imate s s i m p l y by
d i v i d i n g the s t ar t ing soil concentration by the r e s u l t i n g HQ (see T a b l e 2):

S o i l P R G ( p p m ) = S o i l C o n c e n t r a t i o n ( p p m ) / H Q

The r e su l t ing value s are shown below:

voc
1 ,2 ,4-Trime thy lb enzene
1 , 3, 5-Tri methyl benzene
cis-1 ,2-Dichloroethene
Hexane
N a p h t h a l e n e

Soi l PRG
( p p m )
1.10
0.70
0.70
0.73

20.90

I n d o o r A i r
( u g / m 3 )

6.2
6.2

36.4
210
3.14

RME
H Q

1.0E+00
1.0E+00
1.0E+00
1.0E+00
1.0E+00

T h i s is the highest a c c e p t a b l e concentration for each chemical in soil (based on the a s sumpt ions
of the J o h n s o n and E t t i n g e r m o d e l ) .

O p t i o n 2 : U n i f o r m S o i l Concentra t i on ( M u l t i p l e C h e m i c a l s )

When more than one chemical is present in s o i l , the level of some or all of the chemica l s must be
lower than the c o r r e s p o n d i n g s ing l e - ch emi ca l PRGs (above) so that the sum of the risks does not
exceed the target (HQ = 1E+00). T h e r e are many d i f f e r e n t ways that the i n d i v i d u a l chemical
concentrat ions can be reduced to achieve th i s goa l . One common way is to assume that remedial
action w i l l cause the concentra t ions of all chemical s to be reduced by the same re la t ive amount
(i.e., the chemicals w i l l remain in constant p r o p o r t i o n ) . Based on th i s a s s u m p t i o n , the P R G s for



each chemical at each Lot are c a l c u l a t e d s i m p l y by d i v i d i n g the soil concentration at each
l o c a t i o n by the HI value for the l o c a t i o n :

S o i l P R O ( p p m ) = S o i l Concen tra t i on ( p p m ) / H I

Because the r e la t iv e concentrations of the d i f f e r e n t C O P C s vary f r o m l o ca t i on to l o ca t i on , the
PRGs a l s o d epend on l o ca t i on . The r e s u l t s for L o t s 3, 4, 5 and 8 are shown in T a b l e 3. As
above, t h i s is the concentration of each chemical , averaged over the entire soil column, needed to
meet a target HI of 1E+00 at that l o c a t i o n .

O p t i o n 3 : N o n - U n i f o r m S o i l C o n c e n t r a t i o n ( M u l t i p l e C h e m i c a l s )

An al t ernat ive a p p r o a c h to achieving a c c e p t a b l e l e v e l s of V O C s in indoor air i s to remove V O C s
f rom the soil s t a r t i n g at the sur fac e and p r o c e e d i n g down to a d e p t h such that the remaining
source material remaining at d e p t h does not contr ibute unac c ep tab l e l e v e l s to a b u i l d i n g at the
surface . In t h i s approach , the "PRO" takes the f o rm of a d e p t h to which soi l must be r emedia t ed
(e.g., by excavation or by soil vapor e x t r a c t i o n ) rather than a concentrat ion value in s o i l .

As noted above, s t a r t i n g soil concentration l e v e l s of VOC were assumed to be u n i f o r m f r o m the
sur face down to the groundwater (a d e p t h of about 30 m). Likewi s e , soil t y p e was assumed to be
uni form (sandy l o a n ) f r om the sur face to groundwater. Concen tra t i on s in remediated soil were
assumed to be zero. F i g u r e 1, c a l c u l a t e d u s ing the S L - A D V J o h n s o n and E t t i n g e r mode l , shows
how the concentration of a VOC in indoor air decreases as a f u n c t i o n of the d e p t h of soil that is
r emedia t ed . As seen, the p a t t e r n varies somewhat f r o m chemical to chemical ( d e p e n d i n g of the
p h y s i c a l p r o p e r t i e s of each c h e m i c a l ) , but the r educ t i on in indoor air is g e n e r a l l y equal to or
somewhat l e s s than the f r a c t i o n of the source material excavated. T h a t i s , i f h a l f of the source is
excavated or r emed ia t ed , the r e d u c t i o n in indoor air w i l l be a f a c t o r of !/2 or l e s s . T h u s , a
screening level e s t imate of the d e p t h of e x c a v a t i o n / r e m e d i a t i o n needed to achieve a r educ t i on
f r o m the s t a r t i n g HI to the target HI (1E+00) is given by:

D e p t h o f e x c a v a t i o n / r e m e d i a t i o n ^ T o t a l d e p t h / H I

A somewhat mor accurate e s t imate may be derived by taking the average of the c h e m i c a l - s p e c i f i c
curves shown in F i g u r e 1, and d e t e r m i n i n g the d e p t h at which the f r a c t i o n a l r educ t i on in indoor
air concentrat ion (the value on the y-ax i s) i s equal to a value o f I/ HI. The necessary d e p t h i s
then read of the x-axis. T a b l e 4 summarizes the r e s u l t s based on t h i s approach , showing the



a p p r o x i m a t e d e p t h (m) and volume (m 3 ) of soi l that would have to be excavated or remdiated in
order to reduce indoor air concentrat ions to an a c c e p t a b l e level (HI = 1E+00).



T a b l e 1 . Summary of M o d e l I n p u t Paramet er s

Parameter
C o n c e n t r a t i o n in source ( s o i l , water)

D e p t h be low grade to bo t tom of enc lo s ed space f l o o r

D e p t h b e low grade to top o f s o i l c on tamina t i on

Average s o i l t e m p e r a t u r e
V a d o s e zone S C S soil t y p e
V a d o s e zone s o i l d r y b u l k d e n s i t y
V a d o s e zone so i l t o ta l p o r o s i t y
V a d o s e zone s o i l w a t e r - f i l l e d p o r o s i t y
V a d o s e zone s o i l organic carbon f r a c t i o n

V a l u e
Chemica l and
l o c a t i o n s p e c i f i c
15 cm
200cm
15 cm
200cm
1 0 ° C
S a n d y loam
1 .5 g / c m 3

0.43
O . l O c m V c m 3

0.002

Basis
S i t e data

M o d e l d e f a u l t f o r s lab-on-grade b u i l d i n g
M o d e l d e f a u l t f o r s truc ture wi th basement
S l a b on grade scenario
Basement scenario
M o d e l d e f a u l t
S i t e s p e c i f i c data ( W a s h i n g t o n G r o u p 2 0 0 I d )
A s s u m e d value f o r sandy loam
A s s u m e d va lue f o r sandy loam
Conserva t iv e e s t imate
Mean o f s i t e - s p e c i f i c data f or d e p t h s greater than 5 f e e t
( W a s h i n g t o n G r o u p 2 0 0 I d )



T A R G E T S H E E TE P A R E G I O N V I I IS U P E R F U N D D O C U M E N T M A N A G E M E N T S Y S T E M
D O C U M E N T N U M B E R : 1000352

S I T E N A M E : I N T E R M O U N T A I N W A S T E OIL______
D O C U M E N T D A T E : 06/17/2002____________

D O C U M E N T N O T S C A N N E D
Due lo one of the f o l l o w i n g reasons:
Q P H O T O G R A P H S
a 3 - D I M E N S I O N A L
a O V E R S I Z E D
Q A U D I O / V I S U A L
Q P E R M A N E N T L Y B O U N D D O C U M E N T S
a POOR L E G I B I L I T Y
a O T H E R
a N O T A V A I L A B L E

T Y P E S O F D O C U M E N T S
(Data Packages , Data V a l i d a t i o r C § a m p l i n g D a l a y C B I , C h a i n o l C u s t o d y )

D O C U M E N T D E S C R I P T I O N :
T A B L E 2 - S u m m a r y of V O C s ol P o t e n t i a l Concern in S o i l _____________
T A B L E 3 - L o c a t i o n - S p e c i f i c P R G s Based on P r o p o r t i o n a l Reduct ion _______
T A B L E 4 - D e p t h o f S o i l Remed ia t i on Required Lo Achi eve H e a l t h - B a s e d Targe t

C o n t a c t t h e S u p e r f u n d R e c o r d s C e n t e r t o view a v a i l a b l e d o c u m e n t .
( 3 0 3 ) 3 1 2 - 6 4 7 3



F i g u r e 1 . E f f e c t o f S u r f a c e S o i l Remedia t i on o n I n d o o r A i r C o n c e n t r a t i o n s
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T h i s s p r e a d s h e e t i s a s creening leve l tool f or e s t i m a t i n g the d e p t h o f soil t h a t would require excavationor r e m e d i a t i o n to a d d r e s s human h e a l i n g concern f r o m V O C s i n t r u d i n g f r o m soil i n t o indoor air.
Input s ar e th e HI value a t t h e l o c a t i o n b e f o r e r e m e d i a t i o n , and th e d e p t h "d" t o c l ean s o i l . It i s
assumed that the d e p t h p r o f i l e i s u n i f o r m f r o m the s u r f a c e t o d e p t h "d", and tha t a l l V O C s have the
same d e p t h p r o f i l e . I t i s a l s o assumed t h a t t h e r e l a t i o n s h i p between f r a c t i o n a l vo lume r e m e d i a t e d a n d
risk r e d u c t i o n is l i n e a r .

d e p t h t o
c l ean so i l

10
20
30
40
50
60
70
80
90
100

2
5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0

3
6.7

13.3
20.0
26.7
33.3
40.0
46.7
53.3
60.0
66.7

4
7.5
15.0
22.5
30.0
37.5
45.0
52.5
60.0
67.5
75.0

H I V a l u e
5

8.0
16.0
24.0
32.0
40.0
48.0
56.0
64.0
72.0
80.0

B e f o r e R e m e d i a t i o n
6

8.3
16.7
25.0
33.3
41.7
50.0
58.3
66.7
75.0
83.3

8
8.8

17.5
26.3
35.0
43.8
52.5
61.3
70.0
78.8
87.5

10
9.0
18.0
27.0
36.0
45.0
54.0
63.0
72.0
81.0
90.0

15
9.3
18.7
28.0
37.3
46.7
56.0
65.3
74.7
84.0
93.3

20
9.5

19.0
28.5
38.0
47.5
57.0
66.5
76.0
85.5
95.0


